Synthesis of the tetrasaccharide glycoside moiety of Solaradixine and rapid NMR-based structure verification using the program CASPER.
Ethyl 1-thio-α/β-D-glucopyranoside (23) was selectively benzylated at O6 using sodium hydride and benzyl bromide in DMF to give 24 in 72% yield, 47 followed by treatment with benzoyl chloride in pyridine to give 25 in 97% yield, which subsequently was hydrolyzed to provide an α/β-anomeric mixture of the functionalized hemiacetal 26 that was transformed into trichloroacetimidate derivative 27 with an overall yield of 66% over two steps. Disaccharide formation was carried out by glycosylation of acceptor 8 with donor 27 using TMSOTf as promotor to give compound 28 in 84% yield. The acetal functionality in 28 was regioselectively opened, using the same conditions as for the transformation of 10→11 described above, to form 6-O-benzylderivatized disaccharide 29 in 79% yield. Notably, water was added to the mixture since is known to increase the rate of the reaction for electron-deficient substrates and the procedure is fully compatible with thioglycoside-derivatized sugars. 48 Using the same series of deprotection and protection reactions as for the transformations of 11→14 given above, compound 29 was The product was a mixture of the anticipated compound 33a (50% yield) and 33b (5% yield), which had lost its TBS group at O3' as deduced from 2D NMR experiments, inter alia, 1 H, 1 H-TOCSY experiments that revealed a 1 H resonance at 3.25 ppm from the HO3' hydroxyl group; the loss of the TBS group is presumably due to steric crowding during the reaction (cf. Scheme 4 above) or in the tetrasaccharide product. For the next step, deprotection of the O-silyl groups, the two tetrasaccharides were mixed and O-desilylation was carried out by treatment with a solution of TBAF in THF followed by O-acetylation, to facilitate purification by column chromatography, using pyridine and acetic anhydride to give compound 35 in 80% yield over two steps.
Hydrogenolysis employing Palladium on carbon (loading 10 -20%) as catalyst furnished the tetrasaccharide target compound 1 in 89%, the 1 H NMR spectrum of which is shown in Figure 2 . 
Structure verification
For structural characterization and verification of tetrasaccharide 1 an NMR-based methodology was tested to investigate if this could be carried out rapidly using unassigned 1 H and 13 C NMR chemical shift data. The computer program CASPER 50, 51 was initially developed to elucidate the primary structure of polysaccharides, but it is also possible to investigate oligosaccharide structures. 52, 53 It relies on 1 H and 13 C NMR chemical shift data of mono-, di-and trisaccharides and given components (or some of these, i.e., unknowns may be part of the input) and will investigate all permutations possible based on the input data. In order to speed up the structural calculations due to the potentially very large number of combinations possible, J H1,H2 and J C1,H1 data can be utilized as part of the input in order to limit the number of structures for which calculations are carried out. The 1 H and 13 C chemical shifts can also be predicted for a given structure. As input to CASPER the sugar components used in the synthesis were given, i. 
Conclusions
The strategy for synthesis of the oligosaccharide component of the glycoalkaloid Solaradixine from
Solanum laciniatum was such that alternative schemes were possible prior to its execution. The order of glycosylations was of paramount importance in the synthesis of methyl lycoteraoside, a tetrasaccharide constituent of α-tomatine, where steric hindrance was the culprit in the unsuccessful pathway but could be circumvented by an alternative scheme, both of which employed a monsaccharide as the donor and a trisaccharide as an acceptor. 22 Herein, the pertinently functionalized monosaccharide building blocks facilitated glycosylation to give a disaccharide donor that subsequently was super-armed by substitution with several TBS-groups enforcing sterical crowding and conformational changes of the constituent sugar residues. The successful glycosylation, with very high β-selectivity, of the hydroxyl group at a secondary carbon utilized a disaccharide acceptor molecule that facilitated formation of a tetrasaccharide, which after protection gave the branched target molecule. Furthermore, rapid structure verification of the synthesized tetrasaccharide was carried out by using unassigned 1 by iterative fitting thereby handling strong overlaps and higher order effects. The simulated and the experimental spectra appeared highly similar according to visual inspection and the total root-meansquare value was less than 0.1%. 
3-O-(2-Naphthyl)methyl-D-glucopyranose (4).
Compound 3 (13.8 g, 34.5 mmol) was dissolved in EtOH (65 mL) and 2M HCl (33 mL) was added in a 250 mL round-bottomed flask. The mixture was heated to 80 °C and the reaction was followed by TLC (TLC: R f = 0.2 DCM/MeOH 9:1). At completion, the mixture was neutralized with Amberlite OH − . The resin was filtered off and washed with methanol. The crude product was concentrated and co-evaporated with toluene to dryness. The white precipitate obtained was filtered and washed with cold ethyl acetate to give 8.8 g (80%) of compound 4 as a colorless oil. 1 H NMR Compound 4 (3 g, 9.4 mmol) was dissolved in pyridine (30 mL) and acetic anhydride (7.66 mL, 75 mmol) was added at 0 °C. The mixture was left to attain room temperature and was stirred overnight. At completion, the reaction was quenched with MeOH at 0 °C. Solvents were evaporated and co-evaporation with toluene was performed. The brown oil obtained was taken up into EtOAc and washed successively with brine, 1 M HCl, brine, satd NaHCO 3 and brine. The solution was dried over MgSO 4 and solvents were evaporated to afford the desired product. The α-anomeric form could be isolated by recrystallization from cold EtOH while the residual crude was purified by chromatography (Rf = 0.6 Toluene/EtOAc 2:1) to give 4. obtained was dissolved in dry CHCl 3 (10 mL). The reaction mixture was cooled to 0 °C and ethanethiol (0.24 mL, 1.1 eq) and borontrifluoride etherate (0.59 mL, 1.1 eq) were successively added dropwise. The addition of reagents was carried out during 5 min and the mixture was stirred for 2 h at this temperature. Then, the mixture was washed twice with a satd solution of NaHCO 3 (20 mL) and with water (10 mL). The organic layer was dried over Na 2 SO 4 and concentrated to dryness. 
Ethyl 4,6-O-benzylidene-3-O-(2-naphthyl)methyl-1-thio-β-D-glucopyranoside (8).

Ethyl 2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl-(1→2)-4,6-O-benzylidene-3-O-(2-naphthyl)methyl-1-thio-β-D-glucopyranoside (10).
A solution of trichloroacetimidate 9 (720 mg, 1. Disaccharide 10 (0.3 g, 0.38 mmol) was dissolved in dry THF (5 mL) at room temperature.
BH 3 ·NMe 3 complex (336 mg, 12 eq) was added to the mixture that was let to stir for 5 min under N 2 atmosphere. Anhydrous AlCl 3 (307 mg, 6 eq) was added and after 4 h (Rf = 0.7 Pentane/EtOAc 1:1) the reaction was stopped by addition of 1mL of satd NaHCO 3 . The reaction mixture was diluted with diethylether and washed twice with a solution of satd NaHCO 3 and dried over Na 2 SO 4 . 
Ethyl 2,3,4-tri-O-acetyl-1-thio-α-L-rhamnopyranose (17).
Methyl 4,6-O-benzylidene-3-O-fluorenylmethyloxycarbonyl-β-D-galactopyranoside (18).
Compound 15 (300 mg, 1.1 mmol) of and DMAP (13 mg, 0.1 eq) were dissolved in a 2/ 
Methyl 2,3,4-tri-O-acetyl--L-rhamnopyranosyl-(1→2)-4,6-O-benzylidene-β-Dgalactopyranoside (19).
A solution of thioglycoside 17 (100 mg, 0.3 mmol, 1.5 eq) and acceptor 18 (100 mg, 0.2 mmol) in dry CH 2 CL 2 was stirred for 20 min in the presence of molecular sieves (4 Å, 0.4 g) under N 2 atmosphere. NIS (2 eq) and AgOTf (0.5 eq) were added at 0 °C. The reaction was monitored by TLC and left to stir at room temperature for one hour. Once the acceptor was consumed, TEA (25 eq) was added to quench the reaction and to cleave the FMOC protecting group. After 30 min (Rf = 0.56 Pentane/EtOAc 1:2), the mixture was filtered through Celite. 
Methyl 2,3,4,6-tetra-O-tert-butyldimethylsilyl-β-D-glucopyranosyl-(1→2)-3,4-di-O-tertbutyldimethylsilyl-6-O-benzyl-β-D-glucopyranosyl-(1→3)-4,6-O-benzylidene-2-O-acetyl-β-Dgalactopyranoside (20a).
Methyl 2,3,4,6-tetra-O-tert-butyldimethylsilyl-β-D-glucopyranosyl-(1→2)-4-O-tertbutyldimethylsilyl-6-O-benzyl-β-D-glucopyranosyl-(1→3)-4,6-O-benzylidene-2-O-acetyl-β-Dgalactopyranoside (20b).
Methyl 2,3,4,6-tetra-O-tert-butyldimethylsilyl-β-D-glucopyranosyl-(1→2)-3-O-tertbutyldimethylsilyl-6-O-benzyl-β-D-glucopyranosyl-(1→3)-4,6-O-benzylidene-2-O-acetyl-β-Dgalactopyranoside (20c).
A 1 M solution of the promoter system Tf 2 O-DMDS (1.1 eq) in dry CH 2 Cl 2 was added to the mixture containing the armed-donor 14 (40 mg, 0.035 mmol), the acceptor 16 (1.2 eq), 2,6-DTBMP C-1 G', 20c) 
Methyl 2,3,4,6-tetra-O-tert-butyldimethylsilyl-β-D-glucopyranosyl-(1→2)-3,4-di-O-tertbutyldimethylsilyl-6-O-benzyl-β-D-glucopyranosyl-(1→3)-4,6-O-benzylidene-β-Dgalactopyranoside (21).
For general acyl group deprotection conditions see the above reaction conditions for compound 7.
Starting from 
Ethyl 1-thio-α/β-D-glucopyranoside (23).
Starting from ethyl 2,3,4,6-tetra-O-acetyl-1-thio-α/β-D-glucopyranoside 56 
Ethyl 6-O-benzyl-1-thio-α/β-D-glucopyranoside (24).
In a 50 mL round-bottomed flask, ethyl 1-thio-α/β-D-glucopyranoside (500 mg, 2.2 mmol) was dissolved in DMF (10 mL) and 60% sodium hydride in oil dispersion (300 mg, 8.9 mmol, 4 eq) was progressively added at room temperature; 30 min later, benzyl bromide (0.4 ml, 3.3 mmol, 1.5 eq)
was added dropwise at 0 °C. The reaction mixture was slowly left to attain room temperature. After disappearance of the starting material (7 h), the reaction was quenched with methanol at 0 °C. The mixture was washed with NaHCO 3 and brine, dried over Na 2 SO 4 
Ethyl 2,3,4-tri-O-benzoyl-6-O-benzyl-β-D-glucopyranosyl-(1→2)-4,6-O-benzylidene-3-O-(2-naphthyl)methyl-1-thio-β-D-glucopyranoside (28).
A solution of the trichloroacetimidate-containing compound 27 (1.27 g, 1.76 mmol, 2 eq) and acceptor 8 (400 mg, 0.88 mmol) in a mixture of dry CH 2 CL 2 and dry toluene 1/1 (25 mL) was stirred for 20 min in the presence of molecular sieves (4 Å, 0.6 g). TMSOTf (12.8 µL, 0.08 eq) was added dropwise at −10 °C. The reaction was monitored by TLC (pentane/ Disaccharide 28 (400 mg, 0.39 mmol) was dissolved in dry THF (8 mL) at room temperature. BH 3 ·NMe 3 complex (114 mg, 1.56 mmol, 4 eq) was added to the mixture, which was let to stir for 5 min under N 2 atmosphere. Anhydrous AlCl 3 (327 mg, 2.34 mmol, 6 eq) was added and once it was fully dissolved, 2 eq of water was added dropwise; after 16 h (Rf = 0.6 Pentane/EtOAc 2:1) the reaction was stopped by addition of 5 mL of water. The reaction mixture was dissolved in EtOAc and washed with a solution of 1 M HCl, followed by brine and subsequently dried over Na 2 SO 4 .
The mixture was filtered and concentrated to dryness. Purification by column chromatography 1H, OH-4 G), 1.28 (t, 3H, SCH 2 CH 3 G). 13 Donor 32 (50 mg, 0.044 mmol), BSP (9.4 mg, 0.045 mmol, 1.02 eq) and TTBP (55mg, 0.22 mmol, 5 eq) were dissolved in dry CH 2 Cl 2 (2 mL) whereafter 4 Å molecular sieves (100 mg) were added under N 2 atmosphere and the mixture was cooled down to −78 °C; 1.2 eq of Tf 2 O was then added dropwise, followed directly by acceptor 19 (2 eq, 4 Å molecular sieves were also present) dissolved in dry dichloromethane. The mixture was left to stir and allow to reach −10 °C and was then quenched by addition of NEt 3 (0.015 mL, 0.11 mmol, 2.5 eq). The mixture was diluted with dichloromethane and filtered through a pad of Celite. The filtrate was successively washed with water, brine and dried over Na 2 SO 4 . After evaporation of the solvent, the resulting material was purified by chromatography to afford a total yield of 55% of 33a (50%) and 33b (5%). (Rf = 0.6
